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(57) A polishing composition of the present inven- 
tion, which is used in precision polishing the surface of 
a wafer for semiconductor devices, remarkably reduces 
haze that occurs on the surface of the wafer. The pol- 
ishing composition includes silicon dioxide, an alkaline 
compound, a water-soluble polymer, and water. The sil- 
icon dioxide is colloidal silica or fumed silica. The aver- 
age primary particle diameter D SA of the colloidal silica 



is from 5 to 30 nm, and the average secondary particle 
diameter D N4 of the colloidal silica is from 5 to 120 nm. 
The average primary particle diameter D SA of the fumed 
silica is from 5 to 30 nm, and the average secondary 
particle diameter D^ of the fumed silica is from 5 to 200 
nm. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a polishing composition used in precision polishing the surface of a wafer for 
semiconductor devices and a polishing method using the same. 

[0002] A wafer cut out from an ingot is generally subjected to coarse polishing in a wrapping process, then further 
subjected to precision polishing in a polishing process. Conventional polishing composition used in the polishing proc- 
ess is disclosed in Japanese Laid-Open Patent Publication No. 49-76470 ; Japanese Laid-Open Patent Publication No 
2-158684, Japanese Laid-Open Patent Publication No. 8-113772, Japanese Laid-Open Patent Publication No 

10- 309660, Japanese Laid-Open Patent Publication No. 11-214338, and Japanese Laid-Open Patent Publication No. 

11- 11 6942. 

[0003] During a processing of a wafer, haze occurs on the surface of the wafer in some cases. Haze not only de- 
creases the electric property and yield of a semiconductor device but also becomes a cause for decrease in the de- 
tection limit in measuring particles adhered on the surface of the wafer. As the quality required for wafers is becoming 
even stricter with higher performance and higher integration and density of semiconductor devices being required the 
haze levels of the surface of the wafer precision polished by the conventional polishing composition is not necessarily 
sufficient at present. ' 



SUMMARY OF THE INVENTION 



[0004] Accordingly, it is an objective of the present invention to provide a polishing composition capable of remarkably 
reducing haze that occurs on a wafer surface, and a polishing method using the same. 

[0005] To achieve the above objective, the present invention provides a polishing composition used in precision 
polishmg a wafer surface. The polishing composition includes silicon dioxide, an alkaline compound, a water-soluble 
polymer, and water. The silicon dioxide is colloidal silica or fumed silica. The average primary particle diameter D SA of 
the colloidal silica, which is obtained from the specific surface area of the colloidal silica measured by the BET method 
is from 5 to 30 nm. The average secondary particle diameter D N4 of the colloidal silica, which is measured by a laser 
scattering method, is from 5 to 1 20 nm. The average primary particle diameter D SA of the fumed silica, which is obtained 
from the specific surface area of the fumed silica measured by the BET method, is from 5 to 30 nm The average 
secondary particle diameter D N4 of the fumed silica, which is measured by a laser scattering method, is from 5to 200 nm 
[0006] The present invention also provides a method of polishing a wafer. The method includes preparing a polishing 
composition and precision polishing the surface of the wafer using the polishing composition. The polishing composition 
includes silicon dioxide, an alkaline compound, a water-soluble polymer, and water. The silicon dioxide is colloidal 
silica or fumed silica. The average primary particle diameter D SA of the colloidal silica, which is obtained from the 
specific surface area of the colloidal silica measured by the BET method, is from 5 to 30 nm. The average secondary 
particle diameter D N4 of the colloidal silica, which is measured by a laser scattering method, is from 5 to 1 20 nm The 
average primary particle diameter D SA of the fumed silica, which is obtained from the specific surface area of the fumed 
si ca measured by the BET method, is from 5 to 30 nm. The average secondary particle diameter D N4 of the fumed 
silica, which is measured by a laser scattering method, is from 5 to 200 nm. 

[0007] Other aspects and advantages of the invention will become apparent from the following description illustratino 
by way of example the principles of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0008] One embodiment of the present invention will be described below. 

[0009] A polishing composition according to this embodiment consists of silicon dioxide, an alkaline compound a 
water-soluble polymer, and water. 

[0010] The above-mentioned silicon dioxide mechanically polishes an object to be polished. The silicon dioxide is 
colloidal silica or fumed silica, preferably colloidal silica. 

[0011] The average primary particle diameter D SA of the silicon dioxide obtained from the specific surface area of 
the silicon dioxide measured by the BET method is from 5 to 30 nm, preferably from 5 to 25 nm, more preferably from 
5 to 20 nm. 1 

[0012] When the silicon dioxide is colloidal silica, the average secondary particle diameter D N4 of the silicon dioxide 
measured by a laser scattering method is from 5 to 120 nm, preferably from 5 to 100 nm, more preferably from 5 to 
80 nm. When the silicon dioxide is fumed silica, the average secondary particle diameter D N4 is from 5 to 200 nm 
[001 3] The content of the silicon dioxide in the polishing composition is preferably from 0. 1 to 40 wt% more preferably 
from 0.5 to 30 wt%, further preferably from 1 to 20 wt%. 
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[0014] The above-mentioned alkaline compound chemically polishes an object to be polished. 
[0015] Specific examples of the alkaline compound include inorganic alkaline compounds such as potassium hy- 
droxide, sodium hydroxide, potassium hydrogencarbonate, potassium carbonate, sodium hydrogencarbonate, and so- 
dium carbonate; ammonia; ammonium salts such as tetramethylammonium hydroxide, ammonium hydrogencar- 

5 bonate, and ammonium carbonate; amines such as methylamine, dimethylamine, trimethylamine, ethylamine, diethyl- 
amine, triethylamine, ethylenediamine, monoethanolamine, N-(p-aminoethyl)ethanolamine, hexamethylenediamine, 
diethylenetriamine, triethylenetetramine, anhydrous piperazine, piperazine hexahydrate, 1 -(2-aminoethyl)piperazine, 
and N-methylpiperazine. Preferred alkaline compound is potassium hydroxide, sodium hydroxide, potassium hydro- 
gencarbonate, potassium carbonate, sodium hydrogencarbonate, sodium carbonate, ammonia, tetramethylammonium 

10 hydroxide, ammonium hydrogencarbonate, ammonium carbonate, anhydrous piperazine, piperazine hexahydrate, 
1 -(2-aminoethyl)piperazine, or N-methylpiperazine; and particularly preferred alkaline compound is potassium hydrox- 
ide, sodium hydroxide, ammonia, tetramethylammonium hydroxide, anhydrous piperazine or piperazine hexahydrate. 
The polishing composition may contain only one kind of alkaline compound, or two or more kinds of alkaline compounds. 
[0016] When the alkaline compound is other than either of piperazine or piperazine derivatives, the content of the 

15 alkaline compound in the polishing composition is preferably from 0.01 to 8 wt%, more preferably from 0.05 to 5 wt%, 
particularly preferably from 0.1 to 3 wt%. When the alkaline compound is anhydrous piperazine, 1-(2-aminoethyl)pip- 
erazine, or N-methylpiperazine, the content is preferably from 0.005 to 3 wt%, more preferably from 0.01 to 2 wt%, 
and particularly preferably 0.05 to 1 .5 wt%. When the alkaline compound is piperazine hexahydrate, the content is 
preferably from 0.01 to 6 wt%, more preferably from 0.02 to 3 wt%, and particularly preferably from 0.2 to 1 wt%. 

20 [0017] The above-mentioned water-soluble polymer is preferably hydroxyethyl cellulose, polyvinyl alcohol, or poly- 
ethylene oxide, and more preferably hydroxyethyl cellulose. The polishing composition may contain only one kind of 
water-soluble polymer, or two or more kinds of water-soluble polymers. 

[0018] The average molecular weight of the hydroxyethyl cellulose is preferably from 300,000 to 3,000,000; more 
preferably from 600,000 to 2,000,000; and particularly preferably from 900,000 to 1 ,500,000. The average molecular 

25 weight of the polyvinyl alcohol is preferably from 1,000 to 1,000,000; more preferably from 5,000 to 500,000; and 
particularly preferably from 1 0,000 to 300,000. The average polymerization degree of the polyvinyl alcohol is preferably 
from 200 to 3,000, and the saponification degree of the polyvinyl alcohol is preferably from 70 to 100%. The average 
molecular weight of the polyethylene oxide is preferably from 20,000 to 50 : 000,000; more preferably from 20,000 to 
30,000,000; and particularly preferably from 20,000 to 10,000,000. 

30 [0019] When the water-soluble polymer is the hydroxyethyl cellulose, the content of the water-soluble polymer in the 
polishing composition is preferably from 0.005 to 1.5 wt%, more preferably from 0.02 to 0.8 wt%, and particularly 
preferably from 0.05 to 0.5 wt%. When the water-soluble polymer is the polyvinyl alcohol, the content is preferably 
from 0.001 to 2 wt%, more preferably from 0.005 to 1 wt%, and particularly preferably from 0.02 to 0.5 wt%. When the 
water-soluble polymer is the polyethylene oxide, the content is preferably from 0.001 to 1 wt%, more preferably from 

35 0.005 to 0.5 wt%, and particularly preferably from 0.01 to 0.2 wt%. 

[0020] The above-mentioned water serves as a medium of dispersing or dissolving components other than the water, 
contained in the polishing composition. It is preferred that the water should contain as few impurities as possible. 
Preferable water is ion exchanged water filtrated through a filter or distilled water. 

[0021] Next, a method will be described of producing a wafer for semiconductor devices, including a process of 

40 precision polishing a wafer surface by the above-mentioned polishing composition. 

[0022] The process of producing a polished wafer from an ingot includes a slicing process, beveling process, wrap- 
ping process, etching process, edge polishing process, and polishing process. In the slicing process, a wafer is cut 
from an ingot. In the subsequent beveling process, the edge of the wafer is beveled. In the subsequent wrapping 
process, the surface of the wafer is coarsely polished. In the subsequent etching process, a process-modified layer 

45 generated on the surface of the wafer in prior processes to the etching process is removed. In the subsequent edge 
polishing process, the beveled edge of the wafer is polished. In the subsequent polishing process, the surface of the 
wafer is precisely polished. 

[0023] The above-mentioned polishing composition is used in the polishing process of this series of processes. In 
the polishing process, the surface of the wafer is polished by allowing the surface of the wafer to contact with a polishing 
so member and by allowing relative sliding of the surface of the wafer and the polishing member while feeding the polishing 
composition to this contact portion. 

[0024] The embodiment of the present invention provides the following advantages. 

[0025] When the surface of the wafer is precisely polished by the polishing composition according to this embodiment, 
haze that occurs on the surface of the wafer is remarkably reduced. Consequently, the electric property and yield of a 
55 semiconductor device are improved, and the detection limit when particles adhered to the wafer are counted by a 
particle counter is also improved. 

[0026] The average primary diameter D SA of the silicon dioxide contained in the polishing composition is 30 nm or 
less. Therefore, an increase in haze caused by excessiveness of average primary diameter D SA of the silicon dioxide 
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is prevented. Additionally prevented are the occurrence of scratch on the surface of the wafer and increase in surface 
roughness of the wafer, caused by excessiveness of average primary diameter D SA of the silicon dioxide. The above- 
mentioned effects are improved when the average primary diameter D SA is 25 nm or less, and the above-mentioned 
effects are further improved when the average primary diameter D SA is 20 nm or less. 

[0027] When the silicon dioxide contained in the polishing composition is colloidal silica, the average secondary 
particle diameter D N4 of the silicon dioxide is 120 nm or less, and when the silicon dioxide contained in the polishing 
composition is fumed silica, the average secondary particle diameter D N4 of the silicon dioxide is 200 nm or less This 
prevents an increase in haze caused by excessiveness of average secondary diameter D N4 of the silicon dioxide 
Additionally prevented is the occurrence of scratches on the surface of the wafer and increase in surface roughness 
of the wafer, caused by excessiveness of average secondary particle diameter D N4 of the silicon dioxide. The above- 
mentioned effects are improved when the silicon dioxide contained in the polishing composition is colloidal silica and 
the average secondary particle diameter D N4 of the silicon dioxide is 1 00 nm or less, and the above-mentioned effects 
are further improved when the average secondary particle diameter Dm 4 is 80 nm or less 

[0028] Occurrence of scratches on the surface of the wafer is particularly suppressed when the silicon dioxide con- 
's tamed in the polishing composition is colloidal silica. 

[0029] Extreme decrease in polishing speed caused by too small content is prevented when the content of the silicon 
dioxide in the polishing composition is 0. 1 wt% or more. The above-mentioned effects are improved when the content 
is 0.5 wt% or more, and the above-mentioned effects are further improved when the content is 1 wt% or more 
[0030] Increase in viscosity of the polishing composition caused by excess content is prevented when the content 
of the silicon diox.de in the polishing composition is 40 wt% or less. The above-mentioned effects are improved when 
the content is 30 wt% or less, and the above-mentioned effects are further improved when the content is 20 wt% or less 
[0031] Pol.sh.ng speed increases when the alkaline compound contained in the polishing composition is at least one 
selected from potassium hydroxide, sodium hydroxide, potassium hydrogencarbonate, potassium carbonate sodium 
hydrogencarbonate, sodium carbonate, ammonia, tetramethylammonium hydroxide, ammonium hydrogencarbonate 
ammon.um carbonate, anhydrous piperazine, piperazine hexahydrate, 1 -(2-aminoethyl)piperazine and N-methylpiper- 
az.ne. Pollution of the wafer by metal impurities in the polishing composition is suppressed when the alkalinecompound 
contained in the polishing composition is at least one selected from potassium hydroxide, sodium hydroxide ammonia 
tetramethylammonium hydroxide, anhydrous piperazine and piperazine hexahydrate. 

[0032] Extreme decrease in polishing speed caused by too small content is prevented when the alkaline compound 
contained in the polishing composition is a compound other than either of piperazine or piperazine derivatives and the 
content of the alkaline compound is 0.01 wt% or more, when the alkaline compound contained in the polishing com- 
pos.t.on is anhydrous piperazine, 1-(2-aminoethyl)piperazine, or N-methylpiperazine and the content of the alkaline 
compound is 0.005 wt% ormore; and when the alkaline compound contained in the polishing composition is piperazine 
hexahydrate and the content of the alkaline compound is 0.01 wt% or more. The above-mentioned effect is improved 
when the alkaline compound contained in the polishing composition is a compound other than either of piperazine or 
piperazine derivatives and the content of the alkaline compound is 0.05 wt% or more, when the alkaline compound 
contained in the polishing composition is anhydrous piperazine, 1 -<2-aminoethyl)piperazine or N-methylpiperazine and 
the content of the alkaline compound is 0.01 wt% or more, and when the alkaline compound contained in the polishing 
composition is piperazine hexahydrate and the content of the alkaline compound is 0.02 wt% or more The above- 
mentioned effect is further improved when the alkaline compound contained in the polishing composition is a compound 
other than either of piperazine of piperazine derivatives and the content of the alkaline compound is 0.1 wt% or more 
when the alkaline compound contained in the polishing composition is anhydrous piperazine, 1 -(2-aminoethyl)pipera- 
zme, or N-methylpiperazine and the content of the alkaline compound is 0.05 wt% or more; and when the alkaline 
compound contained in the polishing composition is piperazine hexahydrate and the content of the alkaline compound 
43 is 0.2 wt% or more. r 

[0033] Gelation and cost elevation of the polishlhg composition caused by excess content Is prevented when the 
alkal.ne compound contained in the polishing composition is a compound other than either of piperazine or piperazine 
der.vat.ves and the content of the alkaline compound is 8 wt% or less; when the alkaline compound contained in the 
pol.sh.ng compos.t.on is anhydrous piperazine, 1-(2-aminoethyl)piperazine, or N-methylpiperazine and the content of 
the alkaline compound is 3 wt% or less; and when the alkaline compound contained in the polishing composition is 
piperazine hexahydrate and the content of the alkaline compound is 6 wt% or less. Additionally prevented is the surface 
roughening of the wafer caused by excess content of the alkaline compound. The above-mentioned effect is improved 
when the alkaline compound contained in the polishing composition is a compound other than either of piperazine or 
piperazine derivatives and the content of the alkaline compound is 5 wt% or less; when the alkaline compound contained 
in the polishing composition is anhydrous piperazine, 1 -(2-aminoethyDpiperazine, or N-methylpiperazine and the con- 
tent of the alkaline compound is 2 wt% or less; and when the alkaline compound contained in the polishing composition 
is piperazine hexahydrate and the content of the alkaline compound is 3 wt% or less. The above-mentioned effect is 
further improved when the alkaline compound contained in the polishing composition is a compound other than either 
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of piperazine or piperazine derivatives and the content of the alkaline compound is 3 wt% or less; when the alkaline 
compound contained in the polishing composition is anhydrous piperazine, 1-(2-aminoethyl)piperazine, or N-methyl- 
piperazine and the content of the alkaline compound is 1.5 wt% or less; and when the alkaline compound contained 
in the polishing composition is piperazine hexahydrate and the content of the alkaline compound is 1 wt% or less. 

5 [0034] Haze is decreased when the water-soluble polymer contained in the polishing composition is at least one 
selected from hydroxyethyl cellulose, polyvinyl alcohol, and polyethylene oxide. The wetting property of the wafer is 
improved when the water-soluble polymer contained in the polishing composition is hydroxyethyl cellulose. 
[0035] Haze is decreased when the water-soluble polymer contained in the polishing composition is hydroxyethyl 
cellulose and the content of the water-soluble polymer is 0.005 wt% or more; and when the water-soluble polymer 

10 contained in the polishing composition is polyvinyl alcohol or polyethylene oxide and the content of the water-soluble 
polymer is 0.001 wt% or more. The above-mentioned effect is improved when the water-soluble polymer contained in 
the polishing composition is hydroxyethyl cellulose and the content of the water-soluble polymer is 0.02 wt% or more; 
and when the water-soluble polymer contained in the polishing composition is polyvinyl alcohol or polyethylene oxide 
and the content of the water-soluble polymer is 0.005 wt% or more. The above-mentioned effect is further improved 

15 when the water-soluble polymer contained in the polishing composition is hydroxyethyl cellulose and the content of 
the water-soluble polymer is 0.05 wt% or more; when the water-soluble polymer contained in the polishing composition 
is polyvinyl alcohol and the content of the water-soluble polymer is 0.02 wt% or more, and when the water-soluble 
polymer contained in the polishing composition is polyethylene oxide and the content of the water-soluble polymer is 
0.01 wt% or more. 

20 [0036] Increase in viscosity of the polishing composition caused by excess content thereof is suppressed when the 
water-soluble polymer contained in the polishing composition is hydroxyethyl cellulose and the content of the water- 
soluble polymer is 1 .5 wt% or less; when the water-soluble polymer contained in the polishing composition Is polyvinyl 
alcohol and the content of the water-soluble polymer is 2 wt% or less; and when the water-soluble polymer contained 
in the polishing composition is polyethylene oxide and the content of the water-soluble polymer is 1 wt% or less. The 

25 above-mentioned effect is improved when the water-soluble polymer contained in the polishing composition is hydrox- 
yethyl cellulose and the content of the water-soluble polymer is 0.8 wt% or less; when the water-soluble polymer 
contained in the polishing composition is polyvinyl alcohol and the content of the water-soluble polymer is 1 wt% or 
less; and when the water-soluble polymer contained in the polishing composition is polyethylene oxide and the content 
of the water-soluble polymer is 0.5 wt% or less. The above-mentioned effect is further improved when the water-soluble 

30 polymer contained in the polishing composition is hydroxyethyl cellulose or polyvinyl alcohol and the content of the 
water-soluble polymer is 0.5 wt% or less; and when the water-soluble polymer contained in the polishing composition 
is polyethylene oxide and the content of the water-soluble polymer is 0.2 wt% or less. 

[0037] Haze is decreased when the water-soluble polymer contained in the polishing composition is hydroxyethyl 
cellulose having an average molecular weight of 300,000 or more; when the water-soluble polymer contained in the 

35 polishing composition is polyvinyl alcohol having an average molecular weight of 1 ,000 or more, and when the water- 
soluble polymer contained in the polishing composition is polyethylene oxide having an average molecular weight of 
20,000 or more. The above-mentioned effect is improved when the water-soluble polymer contained in the polishing 
composition is hydroxyethyl cellulose having an average molecular weight of 600,000 or more; and when the water- 
soluble polymer contained in the polishing composition is polyvinyl alcohol having an average molecular weight of 

40 5,000 or more. The above-mentioned effect is further improved when the water-soluble polymer contained in the pol- 
ishing composition is hydroxyethyl cellulose having an average molecular weight of 900,000 or more; and when the 
water-soluble polymer contained in the polishing composition is polyvinyl alcohol having an average molecular weight 
of 10,000 or more. 

[0038] Increase in viscosity of the polishing composition caused by excessiveness of average molecular weight of 
45 the water-soluble polymer is prevented when the water-soluble polymer contained in the polishing composition is hy- 
droxyethyl cellulose having an average molecular weight of 3,000,000 or less; when the water-soluble polymer con- 
tained in the polishing composition is polyvinyl alcohol having an average molecular weight of 1 ,000,000 or less; and 
when the water-soluble polymer contained in the polishing composition is polyethylene oxide having an average mo- 
lecular weight of 50,000,000 or less. The above-mentioned effect is improved when the water-soluble polymer con- 
50 tained in the polishing composition is hydroxyethyl cellulose having an average molecular weight of 2,000,000 or less; 
when the water-soluble polymer contained in the polishing composition is polyvinyl alcohol having an average molecular 
weight of 500,000 or less; and when the water-soluble polymer contained in the polishing composition is polyethylene 
oxide having an average molecular weight of 30,000,000 or less. The above-mentioned effect is further improved when 
the water-soluble polymer contained in the polishing composition is hydroxyethyl cellulose having an average molecular 
55 weight of 1 ,500,000 or less; when the water-soluble polymer contained in the polishing composition is polyvinyl alcohol 
having an average molecular weight of 300,000 or less; and when the water-soluble polymer contained in the polishing 
composition is polyethylene oxide having an average molecular weight of 10,000,000 or less. 

[0039] It should be apparent to those skilled in the art that the present invention may be embodied in many other 
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specific forms without departing from the spirit or scope of the invention. Particularly, it should be understood that the 
invention may be embodied in the following forms. 

[0040] The polishing composition according to the embodiment may also contain known additives generally contained 
in conventional polishing compositions, for example, surfactants, chelating agents, preservatives, and the like. 
5 [0041] The polishing composition according to the embodiment may be prepared also by dilution in use with water 
of stock liquid previously prepared so that other components than water are contained at relatively high concentrations. 
The dilution magnification is preferably no more than 50 times, more preferably no more than 40 times, particularly 
preferably no more than 25 times. 

[0042] Next, the present invention will be further specifically described by examples and comparative examples. 
10 [0043] Silicon dioxide, alkaline compounds, and water-soluble polymers were mixed in ion exchanged water to pre- 
pare polishing compositions of Examples 1 to 15 and Comparative Examples 1 to 7. Silicon dioxide, alkaline com- 
pounds, and water-soluble polymers contained in the polishing compositions are shown in detail in Table 1 . 
[0044] In the column of "silicon dioxide" in Table 1 : 

•A1 * represents colloidal silica having an average primary particle diameter D SA of 7 nm and an average secondary 
particle diameter D N4 of 15 nm, 

"A2" represents colloidal silica having an average primary particle diameter D SA of 1 3 nm and an average secondary 
particle diameter D N4 of 32 nm, 
"A3" represents colloidal silica ha 
particle diameter D N4 of 90 nm, 
"A4" represents colloidal silica ha 
oarticle diameter D N4 of 35 nm, 
'AS" represents colloidal silica ha 
oarticle diameter D N4 of 70 nm, 
'A6 n represents colloidal silica ha 
Darticle diameter D N4 of 200 nm, 

B1 " represents fumed silica having an average primary particle diameter D SA of 20 nm and ah average secondary 
particle diameter D N4 of 100 nm, and 

"B2" represents fumed silica having an average primary particle diameter D SA of 40 nm and an average secondary 
30 particle diameter D N4 of 250 nm. 

[0045] In the column of "alkaline compound" in Table 1 : 

"AM" represents ammonia (29 wt% aqueous solution), 
35 "PHA" represents potassium hydroxide, 

"TMAH" represents tetramethylammonium hydroxide (25 wt% aqueous solution), 
"PIZ" represents anhydrous piperazine. 
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Darticie diameter u N4 or 32 nm, 

'A3" represents colloidal silica having an average primary particle diameter D SA of 26 nm and an average secondary 
20 particle diameter D N4 of 90 nm, 

"A4" represents colloidal silica having an average primary particle diameter D SA of 1 4 nm and an average secondary 
particle diameter D N4 of 35 nm, 
"A5 U represents colloidal silica ha 
particle diameter D N4 of 70 nm, 

"A6 B represents colloidal silica having an average primary particle diameter D SA of 90 nm and an average secondary 
particle diameter D N4 of 200 nm, 



tide diameter D N4 of 35 nm, 

■ represents colloidal silica having an average primary particle diameter D SA of 35 nm and an average secondary 
tide diameter D N4 of 70 nm, 



[0046] In the column of "water-soluble polymer" in Table 1 : 

"HEC" represents hydroxyethyl cellulose having an average molecular weight of 1 ,200,000, 
"PVA" represents polyvinyl alcohol having an average molecular weight of 62,000, an average degree of polym- 
erization of 1400 and a saponification degree of 95%, and 

"PEO" represents polyethylene oxide having an average molecular weight of 150,000 to 400,000. 

[0047] The surface of the wafer (object to be polished) was precisely polished by the polishing compositions under 
the following conditions. 

Polishing conditions 

[0048] 

Polishing machine: single-side polishing machine SPM-15 (Fujikoshi Machinery Corporation) 
Object to be polished: Silicon wafer of £>60" 1 50 mm) previously polished using a polishing material "GLANZOX- 
1101" (Fujimi Incorporated) (wherein, in the column of "Object to be polished" in Table 1 , silicon wafer represented 
by ,, P++" has a resistivity of less than O.Oia-cm, silicon wafer represented by "P+" has a resistivity of O.OIQ.cm 
or more and less than 0.1Q-cm : and silicon wafer represented by "P-" has a resistivity of 0.10-cm or more.). 
Polishing load: 9.4 kPa . . 
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Surface plate revolution: 30 rpm 
Wafer revolution: 30 rpm 

Polishing pad: "Surfin 000" (Fujimi Incorporated) 
Polishing time: 8 minutes 
5 Speed of feeding polishing composition: 500 ml/min (continuous application) 

[0049] In a wafer scrub-washed with pure water after precision polishing, haze level was measured by 
AMS-AWIS3110 (ADE Corporation). That having a haze level of less than 0.05 ppm was evaluated as oo, that of at 
least 0.05 ppm but less than 0.075 ppm was evaluated as o, that of at least 0.075 ppm but less than 0.1 ppm was 
10 evaluated as A, that of at least 0.1 ppm but less than 0.2 ppm was evaluated as x, and that of at least 0.2 ppm was 
evaluated as xx. The results are shown in the column of "haze" in Table 1 . 

[0050] The surface of the wafer scrub-washed with pure water after precision polishing was visually observed while 
illuminating with a spot light (500 klx) in a dark room. That showing entirely no scratch on the surface of the wafer was 
evaluated as oo t that showing scarcely no scratch was evaluated as o, that showing slight scratch was evaluated as 

is a, and that showing significant scratch was evaluated as x. The results are shown in the column of "scratch" in Table 1 . 
[0051] When haze level was measured by AMS-AWIS31 1 0 (ADE Corporation), that requiring a polishing time of less 
than 2 minutes until the count number of "Catch A1 1 " became 30 or less was evaluated as oo, that requiring a polishing 
time of at least 2 minutes but less than 3 minutes was evaluated as o, that requiring a polishing time of at least 3 
minutes but less than 5 minutes was evaluated as A : and that requiring a polishing time of at least 5 minutes was 

20 evaluated as x. The results are shown in the column of "HFT" in Table 1 . HFT is abbreviation for "Haze Free Time". 
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[0052] As shown in Table 1 , wafers precisely polished using the polishing compositions of Examples 1 to 15 showed 
excellent haze levels as compared with wafers precisely polished using the polishing compositions of Comparative 
Examples 1 to 7. Accordingly, it is apparent that the polishing compositions of Examples 1 to 15 have an effect of 
remarkably reducing the haze on the surface of the wafer. 

[0053] The present examples and embodiments are to be considered as illustrative and not restrictive and the in- 
vention is not to be limited to the details given herein, but may be modified within the scope and equivalence of the 
appended claims. 



Claims 

1 . A polishing composition used in precision polishing a wafer surface, the polishing composition characterized by: 
silicon dioxide, wherein the silicon dioxide is colloidal silica or fumed silica; 

wherein, when the silicon dioxide is colloidal silica, an average primary particle diameter D SA of the colloidal 
silica, which is obtained from a specific surface area of the colloidal silica measured by a BET method, is from 5 
to 30 nm; wherein an average secondary particle diameter D N4 of the colloidal silica, which is measured by a laser 
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scattering method, is from 5 to 120 nm; 

wherein, when the silicon dioxide is fumed silica, an average primary particle diameter of the fumed 
silica, which is obtained from a specific surface area of the fumed silica measured by a BET method, is from 5 to 
30 nm; and wherein an average secondary particle diameter D N4 of the fumed silica, which is measured by a laser 
scattering method, is from 5 to 200 nm; 
an alkaline compound; 
a water-soluble polymer; and 
water. 

The polishing composition according to claim 1 , characterized in that the average primary particle diameter D SA 
of the colloidal silica and the fumed silica is from 5 to 25 nm. 

The polishing composition according to claim 2, characterized in that the average primary particle diameter D SA 
of the colloidal silica and the fumed silica is from 5 to 20 nm. 

The polishing composition according to any one of claims 1 to 3, characterized in that the average secondary 
particle diameter D N4 of the colloidal silica is from 5 to 100 nm. 

The polishing composition according to claim 4, characterized in that the average secondary particle diameter 
D N4 of the colloidal silica is from 5 to 80 nm. 

The polishing composition according to any one of claims 1 to 5, characterized in that the silicon dioxide is 
colloidal silica. 

The polishing composition according to any one of claims 1 to 6, characterized in that the water-soluble polymer 
is at least one selected from hydroxyethyl cellulose, polyvinyl alcohol, and polyethylene oxide. 

The polishing composition according to claim 7, characterized in that the water-soluble polymer is hydroxyethyl 
cellulose. 

The polishing composition according to claim 8, characterized in that content of the hydroxyethyl cellulose in the 
polishing composition is from 0.005 to 1 .5 wt%. 

10. The polishing composition according to any one of claims 1 to 9, characterized in that the alkaline compound is 
35 at least one selected from potassium hydroxide, sodium hydroxide, ammonia, tetramethylammonium hydroxide, 

anhydrous piperazine, and piperazine hexahydrate. 

11. A method of polishing a wafer, the method characterized by: 
40 preparing a polishing composition, wherein the polishing composition includes: 

silicon dioxide, wherein the silicon dioxide is colloidal silica or fumed silica, 

wherein, when the silicon dioxide is colloidal silica, an average primary particle diameter D SA of 
45 the colloidal silica, which is obtained from a specific surface area of the colloidal silica measured by a BET method, 

is from 5 to 30 nm; 

wherein an average secondary particle diameter D N4 of the colloidal silica, which is measured by a laser 
scattering method, is from 5 to 120 nm; 

wherein, when the silicon dioxide is fumed silica, an average primary particle diameter D SA of 
so the fumed silica, which is obtained from a specific surface area of the fumed silica measured by a BET method, 

is from 5 to 30 nm; and wherein an average secondary particle diameter D N4 of the fumed silica, which is measured 
by a laser scattering method, is from 5 to 200 nm; 
an alkaline compound; 
a water-soluble polymer; and 
55 water; and 

precision polishing a surface of the wafer using the polishing composition. 
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